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© Process for the manufacture of polyester industrial yarn and cord made from said yarn and 
elastomeric objects reinforced with said cord. 



© Manufacture of a multifilament polyester yarn 
which is suitable for use as an industrial yarn, par- 
ticularly tyre yarn, and displays a specific breaking 
strength at high spinning speeds, the yarn is made 
in accordance with a process comprising the suc- 
cessive steps of spinning a molten polymer through 
a plurality of holes, cooling and drawing the resulting 
filaments, and finally collecting them, the polymer 
flow in each of the spinneret holes exhibits a core 
^portion having a higher relative viscosity and a 
sheath portion having a lower relative viscosity, the 
^difference between said relative viscosities amount- 
JZing to less than 0.100, preferably 0,040-0,003. 
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Process for the manufacture of polyester industrial yarn and cord made from said yarn and elastomeric objects 

reinforced with said cord 



The invention relates to a process for the man- 
ufacture of a substantially polyester multifilament 
yarn of the type which is destined for industrial 
uses and has a tenacity of at least 500 mN/tex, 
which process comprises the successive steps of 
exiruding a stream of moiten polymer through a 
large number of spinning orifices, cooling the spun 
filament bundle, optionally drawing the filaments 
and finally collecting them, use being made of a 
spinning speed higher than 450 m/min, the relative 
viscosity of the polymer stream in the core zone in 
each of the spinning orifices being higher than in 
the sheath zone surrounding said core zone. 

A process of the type indicated above is 
known. In actual practice the industrial yams re- 
ferred to here are applied on a large scale for 
various purposes, such as reinforcing elastomeric 
objects, including pneumatic tyres for vehicles and 
conveyor belts, transmission belts, ropes, sewing 
yarns, etc. The multifilament yarns are always 
composed of a large number of, say, 15 to 1000 
filaments. Although each of these filaments have a 
high tenacity, they each have only a low breaking 
strength because of their small thickness or low 
individual linear density. Because of its high total 
linear density of, say, decitex 300 to 2500, a bun- 
dle of multifilaments or a multifilament yarn has a 
sufficiently high breaking strength. As a result, the 
use in actual practice of multifilament yarns for the 
above industrial uses is restricted to a form in 
which a sufficiently high coherence is imparted to 
yarn, particularly by twisting or entangling. More- 
over, generally two or more twisted yams are fur- 
ther combined into a cord or skein. 

All the above uses have in common that the 
filaments contained therein are in a rather strongly 
bent state. As is usual in the case of bicomponent 
filaments subject to bending loads, the outermost 
"fibres 1 * in the sheath zone of the filaments are sub 
ject to the highest bending forces and the filaments 
of the core zone to considerably lower bending 
forces. The difference between loading applied to 
the core and the sheath of the filaments becomes 
even more important in actual practice, where in- 
stead of a static bending load there often occurs a 
dynamic or strongly fluctuating bending load, as for 
instance in the case of reinforcing cords in auto- 
mobile tyres and transmission belts. 

It should be added that in the case of mul- 
tifilament yarns even at moderate spinning speeds 
of, say, about 1500 m/min., but particularly at high 
spinning speeds the physical properties measured 
across the cross-section of each filament may dif- 



fer. For, as a result of relatively rapid cooling of the 
filaments on their outsides the orientation of the 
molecules on the outside of each filaments is 
greater than in their core. For it appears that across 

5 the cross-section of each of the filaments the 
birefringence in the sheath zone is greater than in 
the core zone. And transversely of the longitudinal 
direction of each filament the birefringence gradu- 
ally decreases to its lowest value in the core of the 

io filament. In actual practice the filaments may con- 
sequently be underloaded in their core and over- 
loaded in their sheath, which may still be aug- 
mented when they are subject to a bending load. 
Therefore, the actually favourable properties of the 

75 yarns are not taken full advantage of. As is gen- 
erally known, this leads in actual practice to cord 
losses during twisting, limited cord efficiency and 
laying losses during rope manufacture and limited 
resistance of the cords to fluctuating loading, as 

20 appears in the "Mallory Tube Fatigue Test". These 
drawbacks to multifilament yarn for industrial uses 
have not entirely been overcome yet, which situ- 
ation can yet be improved upon. 

Moreover, with respect to polyester yarns for 

25 industrial uses there has for several years been a 
trend to increase the conventional spinning speeds 
from 500-900 m/min to 1600-2000 m/min or higher, 
resulting in a more or less pre-oriented yarn. The 
spinning process and the drawing process are in- 

30 cidentally combined then into an integrated spin- 
drawing process- In the processes for spinning 
polyester yarns for textile uses, such as clothing, 
the change over to higher spinning speeds of 
1600-5000 m/min has already been introduced in 

35 actual practice on a larger scale. As with yams for 
textile uses particularly the total linear density of 
the manufactural filament yarns is relatively low, for 
instance: decitex 50-150, and also the relative vis- 
cosity of the yarn obtained is low, for instance: 7j r8l 

40 = 1,580, the use of higher spinning speeds does 
not give rise to a great many problems. Further, 
because of the low total linear density of the yam 
the industry is for economical reasons more or less 
obliged to change over to higher spinning speeds 

45 in the manufacture of polyester yarns for textile 
uses* in view of the attendant higher output per 
spinning assembly. It is known that in meltspun 
yarns orientation of the molecules must take place 
in order to obtain a yarn suitable for practical use. 

50 

At low spinning speeds of, say, 700 m/min orienta- 
tion is effected mainly by drawing the yarn. Textile 
yarns obtained at low spinning speeds can be 

55 
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drawn generally at a ratio of as low as 3-4, whereas 
industrial yarns, which have a higher relative vis- 
cosity, which in the case of polyethylene tereph- 
thalate is Tj rc , = 1 ,880. must be drawn at a ratio of 
5-6 in order to obtain the physical properties de- 
sired in actual practice, such as tenacity, 5%-LASE 
value or elongation at rupture. The higher the spin- 
ning speed, the higher will be the degree of molec- 
ular orientation of the yarn obtained. To obtain the 
desired physical properties yarns obtained at high 
spinning speeds can be drawn at a far lower ratio 
of, say, 2 or 3. For a detailed consideration of the 
effect of spinning spavd on the physical properties 
of polyethylene terephthalate yarns reference is 
made to the discussions by H.M. Heuvel and R. 
Huisman on pp. 295-331 in "High speed fibre spin- 
ning. Science and Engineering Aspects", edited by 
Andrzej Ziabicki and Hiromichi Kawai, Copyright 
1985 by Wiley & Sons, Inc., New York. 

Considering that the manufacture at spinning 
speeds of up to 6000 m/min of light textile yarns 
which are preoriented during spinning, which yarns 
are used for garments and subjected to texturing 
processes, has for quite a long time been practiced 
on a commercial scale, it is in principle obvious 
also to change over to spinning speeds of up to 
6000 m/min in the case of the heavier industrial 
yarns of the type as used for reinforcing vehicle 
tyres. It has been found, however, that when these 
spinning speeds are used for industrial yarns, the 
completed yam, which may optionally be after- 
drawn at a particularly desired ratio, displays phys- 
ical properties which in some respects consider- 
ably differ from those of the yarns produced at a 
conventional speed. For example, the shrinkage 
measured in hot air at 160°C of the completed, 
drawn polyester industrial yarn will decrease with 
increasing the spinning speed to 6000 m/min. But 
this happens to be of particular advantage because 
then also the cords made from these yarns and 
generally provided with a dip to promote the adhe- 
sion to elastomeric material will have a lower 
shrinkage. H is of particular importance that in the 
case of the cord from the industrial yarns produced 
at high speeds a lowest possible shrinkage is ob- 
tained at one and the same high modulus. A high 
modulus/shrinkage ratio, also referred to as high 
dimensional stability, is of great importance with 
respect to the use of reinforcing cord in vehicle 
tyres and plays an important role both in the manu- 
facturing process of the tyre and as far as the 
quality and the behaviour of the tyre on the road is 
concerned. In view of these last-mentioned prop- 
erties the most suitable high-speed spun or spin- 
drawn polyester tyre yarns are of the HMLS type - 
(High Modulus, Low Shrinkage). However, the well- 



known processes of spindrawirig or high-speed 
spinning, viz. at 1600-6000 m/min, of industrial 
polyester filament yarn have the disadvantage that 
the breaking strength of the yarn and of the dipped 

5 cord will decrease considerably below that of yarn 
obtained at low spinning speed and of that of the 
cord manufactured from it. As the practical use of 
these industrial yarns is largely based on their high 
tenacity, the phenomenon of the decrease in break- 

w ing strength, also of the drawn yarn and of the cord 
made from ft, at spinning speeds of 1600 m/min or 
higher has so far formed a considerable drawback 
to the use in actual practice of higher spinning 
speeds in the manufacture of polyester industrial 
15 yarns. 

The invention has for its object to provide a 
process of the type indicated above for the manu- 
facture of a polyester multifilament yarn for indus- 
trial uses. The present process no longer displays 
20 the afore-mentioned drawbacks, such as the ad- 
verse variation in molecular orientation across the 
cross-section of each of the filaments and the 
ensuing loss of strength. And the favourable high 
modulus and low hot air shrinkage and hence the 

25 high modulus/shrinkage ratio are retained. Accord- 
ing to the invention the process of the type in- 
dicated above is characterized in the first place in 
that in each spinning orifice the difference in rela- 
tive viscosity, measured on the spun product, be- 

3o tween the core and the sheath zone is less than 
0,100, more particularly 0,080 to 0,003, but prefer- 
ably about 0,040 to 0,003 or 0,040 to 0,010. Sur- 
prisingly, it has been found that a distinctly lower 
loss of strength occurs with increasing spinning 

35 speeds. Moreover, higher spinning speeds are at- 
tended with a decreasing difference in molecular 
orientation between the core and the sheath in 
each of the filaments. According to the invention 
the spinning speed is advantageously in the range 

40 of 1600 to 6000 m/min, preferably about 4000 
m/min. It should be noted that by the term spinning 
speed as used in the present application is to be 
understood the circumferential speed of the first 
driven yarn advancing roll which is positioned 

45 downstream of the spinning assembly. However, if 
in the spinning operation no use is made of a 
driven yarn advancing roll between the winding unit 
and the spinneret, then the winding speed is taken 
as the spinning speed. The process according to 

so the invention is characterized particularly in that the 
polyester used is polyethylene terephthalate having 
a relative viscosity, measured on the spun product, 
of 1700 to 2400. preferably about 1900. Further, 
the process according to the invention is character- 

55 ized in that the polyester material used in the core 
zone and in the sheath zone is built up of substan- 
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tially the same structural units. By a yarn substan- 
tially formed of polyester is to be understood here 
a yarn comprising more than 85 per cent by weight 
of ethylene terephthalate units. 

A preferred embodiment according to the in- 
vention is characterized in that in each spinning 
orifice the core zone and the sheath zone in the 
polymer stream extend for a particular radial dis- 
tance and are concentrical, the core zone extend- 
ing radially outwards from the centre of the poly- 
mer stream and the sheath zone extending radially 
inwards from the outer circumference of the poly- 
mer stream. 

A simple embodiment of the process according 
to the invention is characterized in that in each 
spinning orifice the relative viscosity of the molten 
polymer decreases in one or more steps from the 
centre of the polymer stream towards its outer 
circumference. 

An effective embodiment in which use is made 
of a stream of molten polymer of one particular 
relative viscosity is characterized according to the 
invention in that said polymer stream is divided into 
two or more part-streams which are subjected to 
such different treatments, for instance as far as 
heating and/or residence time are concerned, as 
will result in a difference in relative viscosity be- 
tween said part-streams. Use being made of a 
stream of molten polymer of one and the same 
particular relative viscosity, the process according 
to the invention also may be advantageously char- 
acterized in that said polymer stream is divided 
into two or more part-streams and at least one part- 
stream is provided with some additive, such as 
polyglycol. as a result of which there will be a 
difference in relative viscosity between the one 
part-stream and the other polymer stream. In some 
circumstances the process according to the inven- 
tion also may be realized in a simple manner if it is 
characterized in that the difference in relative vis- 
cosity in the polymer stream in each of the spin- 
ning orifices is brought about by joining two or 
more polymer streams of a polymer of virtually the 
same chemical composition, but of different relative 
viscosities, which are each fed to the spinning 
assembly through a separate extruder. 

The process according to the invention can be 
realized in a particularly practical manner by having 
said difference in relative viscosity brought about in 
the heated spinning assembly. According, to the 
invention the process is with advantage so carried 
out that of the polymer flowing through the spin- 
ning assembly the residence time and/or the tem- 
perature of the one part of the polymer stream 
which is to form the core zone with higher relative 
viscosity differs from the residence time and/or the 



temperature of the other part of the polymer stream 
which is to form the sheath zone with lower relative 
viscosity. The invention also comprises an appara- 
tus for parrying out the process according to the 

s invention. The invention notably comprises the 
spinning assembly represented in Fig. 2, by which 
the process according to the invention may be 
realized in an extremely simple manner. 

Particularly favourable results have been ob- 

70 tained using a process which is characterized ac- 
cording to the invention in that the spinning pro- 
cess is carried out with the aid of a spinning 
assembly which is at least partly of the type for 
spinning multifilament bicomponent yarns of the 

75 sheath-core type, part of the polymer stream of a 
higher relative viscosity being fed to the centre of 
each spinning orifice through the channels for for- 
ming a filament core and part of the polymer 
stream of a lower relative viscosity being fed 

20 through the channels for forming a filament sheath. 

After the filament bundle has passed through 
the spinning orifices, it may optionally be guided 
through a hot tube. 

25 The invention particularly relates to a multifilament 
yarn obtained according to the invention and pref- 
erably formed of polyethylene terephthalate, which 
yarn is characterized in that the completed, drawn 
multifilament yarn, which is composed of at least 

30 15 filaments, preferably 15-1000 filament, has a 
linear density of at least decitex 70, preferably 
decttex 300 to 2500, and has the following prop- 
erties: 

35 -tenacity 500 to 1000 mN/tex; 

-specific 5%-LASE 150 to 600 mN/tex: 

-elongation at rupture 5 to 20%. more particularly 
40 7-17%, pre ferabiy about 9.5%; 

-hot air shrinkage 0,5 to 8%, measured at 160°C; 

-average relative viscosity of the spun filaments 

45 1700-2200. preferably about 1900. 

The process according to the invention is ad- 
vantageously characterized in that before drawing 
the yarn it is treated, with an agent, such as epoxy 
groups-containing compounds or blocked 

so isocyanate groups-and hydroxyl groups-containing 
compounds, for furthering the adhesion to 
elastomeric materials. According to the invention 
the process is preferably so carried out that the 
carboxyl endgroups content of the drawn yarn is 

55 less than 18 milliequivalents per kg of yarn, more 
particularly 3-8 milliequivalents per kg. 
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An effective embodiment of the process ac- 
cording to the invention is characterized in that in 
each of the spinning orifices the polymer mass for 
forming the core zone of higher relative viscosity 
forms 50 to 90 per cent by volume, preferably 
about 75 per cent by volume and the polymer 
mass for forming the sheath zone of lower relative 
viscosity forms 50 to 10 per cent by volume. 

The invention particularly also comprises a 
cord composed of two or more multifilament yarns 
according to the invention that are twisted together. 
The invention more particularly comprises a sub- 
stantially polyester cord of the type used for re- 
inforcing elastomeric and other objects, such as 
pneumatic tyres for vehicles, transmission belts, 
hoses, conveyor belts and the like, which cord 
preferably consists of polyethylene terephthalate 
and is characterized in that after the treatment of 
the cord with a dip to improve the adhesion to 
elastomeric material by the afore-mentioned two- 
step dipping treatment and with a cord of said dtex 
1100 (Z 393) x 2 (S 393): 

-the tenacity of the cord is in the range of 450 to 
850 mN/tex; 

-the elongation at rupture of the cord is in the 
range of 8 to 20%-25%, more particularly 10to 
20%; 

-the specific 5%-LASE of the cord is in the range 
of 150 to 350 mN/tex; 

-the hot air shrinkage measured at 180°C is in the 
range of 0,5 to 6,0%; 

-the Mallory Tube Fatigue value is in the range of 
115 to 1000. 

The invention also comprises a shaped 
elastomeric object, such as a pneumatic tyre for a 
vehicle, which object is reinforced with yarns or 
cords according to the invention. The invention 
further comprises a pneumatic tyre of the radial ply 
type for a vehicle, more particularly a passenger 
car, which tyre is characterized in that it contains 
one carcass layer which is substantially formed of 
the cord according to the invention, the invention 
moreover comprises tow made from the cord ac- 
cording to the invention. The yarns according to 
the invention, particularly when they are of polyeth- 
ylene terephthalate, also may advantageously be 
applied as sewing yarns or in the manufacture of 
seat belts. 



As mentioned before, particularly in the high- 
speed spinning of polyester yarn it has surprisingly 
been found that when use is made of a process 
according to the invention the breaking strength of 
5 the yarn decreases to a lesser extent than that of 
high-speed yarn obtained by the conventional 
method and that the low hot air shrinkage is re- 
tained at high spinning speeds of, say, 4000 
m/min. Also the dipped polyester cord made from 

w the yarns according to the invention is particularly 
favourable because of its high modulus/shrinkage 
ratio in combination with the high value for the 
modulus and the low hot air shrinkage value of 
about 2,5% and a Mallory Tube Fatigue value of 

is about 175. 

Although the surprising effect of the process 
according to the invention cannot be fully account- 
ed for, it is believed that this effect is particularly 
due to the lower value of the relative viscosity in 

20 the sheath zone of the filaments, as a result of 
which the more rapid cooling in said sheath zone at 
higher spinning speeds gives no or less rise to a 
difference in orientation between the sheath zone 
and the core zone of the filaments. In the drawing 

25 operation, which generally follows spinning, molec- 
ular orientation across the entire cross-section of 
the filaments can be optimal and to the same 
degree in the sheath zone and in the core zone. In 
essence the process according to the invention 

30 implies that by previously setting the magnitude of 
the difference in relative viscosity between the core 
polymer and the sheath polymer in a filament the 
variation in molecular orientation across the cross- 
section of a spun filament can be influenced- Also 

35 in the case of high polymer throughputs per spin- 
ning orifice, for instance of more than 3,5 
grammes/minute, the principle of the invention, i.e. 
control of the variation in molecular orientation 
across the cross-section of the filaments, is still 

40 found to apply. Depending on the yarn properties 
envisaged, the process according to the invention 
may be so carried out that the birefringence across 
the cross-section of the filaments displays a deep 
trough (birefringence in the core is lower than that 

45 in the sheath) or a practically straight line. Alter- 
natively, the process according to the invention 
may be such that the birefringence across the 
cross-section of the filaments displays an inverted 
trough (birefringence in the core higher than that in 

so the sheath). 

For a further description reference is made to 
Fig. 6. 7, 8 and 9, which are schematic illustrations 
on a greatly enlarged scale of the orientation dis- 
tribution in one spun filament 43. Figure 6 shows a 

55 prior art filament obtained by high-speed spinning, 
no use being made in the spinning orifice of core 



5 



BNSDOCtD. <EP. 



.020U 14A1J_> 



0 201 114 



10 



and sheath zones with different relative viscosities. 
The filament 43 according to Figure 6 is obtained 
by high-speed spinning at, say, 4000 m/min and 
4 the birefringence across the cross-section of the 
filament exhibits a dip 44 with a fairly deep trough 
on the centre line 45 of the filament. The molecular 
orientation, of which the birefringence is a mea- 
sure, will display the same dip across the cross- 
section of the filament. In the outer zone of the 
filament according to Figure 6 the molecular ori- 
entation is consequently very much higher than in 
the core of that filament. 

Figure 7 is a schematic illustration of one filament 
43 according to the invention, which is also ob- 
tained at a spinning speed of. say, 4000 m/min. 
According to the invention it contains a core zone 
46 referred to by C, in which the relative viscosity 
is higher than in the sheath zone 47, referred to by 
8. The theoretical birefringence and consequently 
*he molecular orientation across the cross-section 
is indicated with a full line 48. From the shape of 
the line 48 it appears that after the original dip in 
the core zone 46 of the filament the birefringence 
and consequently the molecular orientation abrupt- 
ly decrease at the border of the sheath zone 47 of 
lower viscosity, after which they gradually increase 
again toward the outside of the filament. As com- 
pared with Fig. 6, the shape of the line in Figure 7 
shows that the difference in birefringence and mo- 
lecular orientation across the cross-section of a 
filament is considerably reduced by the use of the 
process according to the invention. The broken line 
49 in Figure 7 still shows the approximate trend of 
the birefringence if the process of the invention is 
not.applied. 

Figure 8 again shows one filament 43 spun by 
the prior art method, no core and sheath 2ones of 
different relative viscosities being used in the spin- 
ning orifice. The filament 43 according to Figure 8 
is obtained at a relatively moderate spinning speed 
of, say. 800 m/min. At such a moderate spinning 
speed cooling will be attended with only a slight 
temperature gradient from the core to the sheath of 
the filament. Therefore, the birefringence and the 
molecular orientation exhibit a practically linear 
trend 50 across the cross-section of the filament, 
as appears from the line 50 in Figure 8. 

Figure 9 is a schematic illustration of one fila- 
ment 43 according to the invention of a yarn also 
obtained at a spinning speed of 800 m/min. Ac- 
cording to the invention there are provided a core 
zone 51 fC) of a higher relative viscosity and a 
sheath zone 52 (S) of a lower relative viscosity. 
Then the process is such that the birefringence and 
the molecular orientation in principle exhibit an 



elevated trend 53 across the cross-section of the 
filament. Such a trend of the molecular orientation 
across the cross-section in principle leads to a 
higher resistance of the yarn to bending load and 

5 fatigue, as a result of which cord losses can be 
reduced, a higher knot strength will be obtained 
and cord efficiency can be improved. 

In the process according to the invention spe- 
cial materials may optionally be added to the 

w sheath and/or the core of the filaments. Conceiv- 
able in this connection is the use of materials 
furthering the adhesion to elastomeric objects, hy- 
drolysis stability, and light stability. 

As regards the state of the art the following 

75 should be noted. 

EP 0 080 906 describes a process for the 
manufacture of polyethylene terephthalate multi- 
filament yarns for technical uses, such as reinforc- 
ing elastomeric objects, as examples of which may 

20 be mentioned vehicle tyres, V-belts and conveyor 
belts. It also proposes the use in the manufacture 
of polyester industrial yarns of higher spinning 
speeds, viz. of 2000, 2500 and 3500 m/min. EP 0 
080 906 proposes improving the quality of yarns 

25 spun at high speeds by using a different method, 
which comprises delayed cooling of the filament 
bundle by blowing heated air onto it of 35° to 
80°C, preferably 60° to 80°C. This treatment 
moreover aims at reducing the difference in 

30 birefringence between the core and the sheath of 
the filaments. Cooling with heated air is a useful 
step as such in that under particular conditions it 
may lead to improvement of the yarn quality. But 
this step is applicable only to a limited extent. For, 

35 cooling with hot air is only effective in the case of 
relatively low throughputs per spinning orifice and 
certainly not in the event of throughputs higher 
than 3,5 g/min. In that case, notably at a spinning 
speed of 4000 m/min, use of the method of EP 0 

40 080 906 results in an unduly great difference in 
birefringence across the cross-section of each of 
the filaments, so that the high strength, high 
modulus and low shrinkage desired for industrial 
yarns cannot be attained- This is also recognized in 

45 EP 0 080 906 (see page 15. lines 23-27 and p 16, 
lines 106). The invention provides a different meth- 
od, by which the high tenacity, high modulus and 
low shrinkage can even be attained at spinning 
speeds of about 4000 m/min at a throughput per 

so spinning orifice of. say. 4.17 g/min. 

Japanese Patent Application No. 30559'1981. 
publication No. 149513/1983. relates to a bicom- 
ponent polyethylene terephthalate (petp) multifila- 
ment yarn of the sheath-core type, which is des- 

55 tined for textile uses, i.e. garments and the like, as 
well as for industrial uses, such as tyre cord. There 
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the core of the filaments consists of a petp type A 
having a higher intrinsic viscosity and hence also a 
higher relative viscosity than that of the petp type 
B forming the sheath. That publication is based on 
the idea of benefiting from the favourable prop- 
erties of the two polymers by combining petp of a 
high intrinsic viscosity with that of a low intrinsic 
viscosity. For, petp of a higher intrinsic viscosity 
has in itself a higher tenacity but a lower 
modulus/shrinkage ratio. Petp of a lower or medium 
high intrinsic viscosity has in itself a better 
modulus/shrinkage ratio, but a lower strength. Al- 
though for certain uses and particular spinning con- 
ditions the basic idea of this Japanese patent pub- 
lication may lead to favourable results, this known 
method is considered to lead to yarns whose 
strength and modulus/shrinkage ratio do not satisfy 
the requirements for industrial yarns. This is particu 
larly to be attributed to the fairly great difference in 
intrinsic viscosity between the core and the sheath 
(0,10 < va'ib < 0.60) and will be the case at higher 
spinning speeds of, say, 2000-4000 m/min. It 
should be added that said difference in intrinsic 
viscosity expressed in relative viscosity approxi- 
mately corresponds to 0.108 < tja-tjb < 0,648. 
According to the description this Japanese patent 
publications relates to spinning speeds of 100 to 
1500 m/min. - 

Just as Japanese Application No. 30559/1981, 
Japanese Patent Application No. 200226/1981, 
publication No. 104221/1983 is based on the idea 
of combining in the manufacture of bicomponent 
filaments the advantages of the two types of petp A 
and B of high and low intrinsic viscosity, respec- 
tievely. It proposes providing the two petp types A 
and B in a multilayer structure, for instance in the 
form of a petal. This last-mentioned structure is 
considered to be less suitable for industrial uses, 
such as tyre yarns. 

It should be added that the object envisaged 
by the two last-mentioned Japanese patent publica- 
tions (publication Nos. 149513/1982 and 
104221/1984) is quite different from that of the 
present invention. These two Japanese patent pub- 
lications relate to blending the properties, such as 
tenacity and modulus/shrinkage of two types of 
polyesters between which there is a relatively great 
difference in intrinsic viscosity or relative viscosity. 

DE 2 747 803 describes a process for the 
manufacture of a petp multifilament yarn destined 
for industrial uses, such as automobile tyres. It 
proposes using spinning speeds of 500 to 3000 
m/min and in the process freshly extruded fila- 
ments are solidified under the spinneret by blowing 
cooling air countercurrently to the feed direction of 
the moving filaments, resulting in a fairly high 



drawing off tension and hence a high molecular 
orientation. This publication also prescribes after- 
drawing the spun yarn in combination with a spe- 
cial heat treatment. Although under some condi- 

5 tions this known method does lead to some im- 
provements, this known method is considered to 
have the disadvantage that very often there will be 
relatively great dif ferences between the inside and 
the outside of the filaments, so that particularly the 

w strength of the yarn and of the cord cannot be 
optimal. 

US 3 963 678 describes a process for the 
manufacture of polyester monofilaments destined 
for reinforcing tyres, V-belts and for use in other 

75 industrial fields. Melt spinning is carried out in the 
manner usual for monofilaments by spinning into 
an air gap followed by cooling in a water bath. In 
order to obtain filaments having improved loop 
strength and lower birefringence in the sheath of 

20 the filaments a special two-step drawing process is 
proposed in combination with a heat treatment in 
an oven at a temperature of about 500° to 600° C. 
As a result, the outside of the monofilament will 
have a far higher temperature than the core. The 

25 process according to US 3 963 678 is not suitable 
for use on multifilament yarns because the fila- 
ments would stick together, which is unacceptable. 

US 4 195 051 and US 4 134 882 relates to the 
high-speed spinning of polyester multifilament yarn 

30 at speeds of about 5000 to 7500 m/min, a small 
difference in birefringence being provided between 
the sheath and the core in each of the filaments. 
The small difference in birefringence may be 
brought about by taking care that the temperature 

35 of the polymer at the wall of each spinning orifice 
is at least 5°C higher than the average temperature 
of the polymer in the spinning orifices. This pro- 
cess is to be used for the manufacture of mul- 
tifilament yarns for textile uses and notably has for 

40 its object the enhancement of the dyeability of 
textile yarns. This known process also provides a 
good starting yarn for the texturing process often 
applied to textile yarns. 

EP 0 056 667 describes a process for the 

45 manufacture of a bicomponent multifilament yarn 
for technical uses, such as tows and fishing nets. It 
is concerned with the manufacture in the first place 
of black yarns, of which the black pigment is 
present in the form of insoluble carbon black par- 

50 tides. To stop excessive wear of costly machine 
parts as a result of the presence of these pigments 
in the surface of the filaments a pigment-tree 
sheath is provided around the pigment-containing 
core of each filament, which is of particular advan- 

55 tage in the case of spindrawing. In the process 
according to EP 0 056 667 the object envisaged is 
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totally different from that of the present invention. 
The resulting yarn is composed of filaments which 
show a difference in pigment content between the 
core and the sheath. Moreover, use is made of a 
relatively low spinning speed of 400 m/min. It 
should be added that this publication happens to 
contain an example (see Table 1, test 6) which 
mentions filaments having a black plgment-contain- 
ing core and a pigment-free sheath of petp of 
relative viscosities of 1 ,89 and 1 ,85. respectively. 

NL 6 817 305 relates to a process for the 
manufacture of multifilament polyester yams for 
textile uses. The polymer is divided into two part 
streams and to one of the part streams a special 
liquid, such as polyglycol. is added which reacts 
with the polymer and changes its intrinsic viscosity. 
The part streams are subsequently re-combined 
and spun into a bicomponent multifilament yarn 
made up of filaments of the side-by-side or, as in 
Example IX, of the sheath-core type. In the only 
example (IX) mentioning the sheath-core type fila- 
ments the petp of the lower intrinsic viscosity is in 
the core and the petp of the higher intrinsic viscos- 
ity is in the sheath, which situation is the very 
opposite to that of the present invention. Further, 
NL 6 817 305 relates to yarns for textile uses, as 
appears from the low values of the intrinsic viscos- 
ities, viz. 0,50-0,61, which approximately corre- 
spond to relative viscosities of 1,50-1,61, respec- 
tively. 

Japanese Patent Application No. 61912/1966. 
publication No. 21170/1969. relates to a polyester 
bicomponent yarn of the sheath-core type, of which 
the sheath and the core may be of petp. The 
sheath or core of the filaments has an intrinsic 
viscosity which is at least 0.05 smaller than that of 
the core. The process of this patent disclosure only 
has for its object to subject the low-viscous sheath 
to super drawing, i.e. drawing without orientation, 
as a result of which the sheaths of the separate 
filaments will stick together, so that the multifila- 
ments can be processed as monofilament during 
wearing or knitting. In the fabric the low-viscous 
sheaths of the filaments are re-separated and a 
multi-filament is formed again. In the examples 
mention is only made of low intrinsic viscosities of 
0,60-0,66. which are unsuitable for industrial yarns, 
such as tyre yarns. 

Japanese Patent Application No. 4575/1976. 
Publication No. 8867E'1977 describes a petp yarn 
having a low-viscous sheath and a high-viscous 
core for the manufacture of non-woven fabrics of 
bonded filaments. Using a relatively low viscosity in 
the core will result in a processing temperature at 
which in the deposited web the low-viscous 
sheaths will melt and stick together, whereas the 



cores will not melt The aim is to bring about a 
greatest possible difference in orientation between 
the * sheath and the core in order to realize a 
difference in melting point between the sheath and 
s the core. This is the very opposite to the result 
envisaged by the present invention, viz. the use of 
low-viscous polymer in the sheath to remove the 

the core during melt spinning or to impart a some- 

w what lower molecular orientation to the sheath at 
low-speed spinning at a rate of, say, 600 m/min. 
The examples give very great differences in 
birefringence, which are unacceptable for the man- 
ufacture of the industrial multifilament yarns of the 

T5 invention. 

Japanese Patent Application No. 173798/1982, 
publication No. 66507/1984 describes an ultra high- 
speed spinning method for manufacturing petp tex- 
tile yam of which the skin (intrinsic viscosity 0,45- 

20 0,55) has a lower viscosity than the core ( ^ inh = 
0,60). Use is to be made of a spinning speed 
higher than 6000 m/min and the yarn is to be taken 
up within a distance of 1 metre below the spin- 
neret. The object is the ultra high-speed manufac- 

25 ture of textile yam that will have about the same 
yarn properties as yarns spun at low speeds and 
subsequently drawn. Under the spinning conditions 
prescribed in said publication it is not possible to 
process a high-viscous polymer into an industrial 

30 yarn. 

Japanese Patent Application No. 173799/1982, 
publication No. 66508/1984, describes a method of 
processing a low-viscous polymer ( mnh = 0.63) 
into a textile yam at high spinning speeds (> 3000 

35 m/min). By heating the spinneret to a temperature 
which is about 100°C higher than the temperature 
of the polymer, the differences in orientation be* 
tween the sheath and the core may be reduced 
and spinning can be carried out at such a high 

40 speed that without after-drawing a textile yam is 
obtained which has the same properties as a textile 
yarn spun at low speed and subsequently drawn. 
This well-known method does not relate to the 
manufacture of industrial yarns of the type with a 

45 high intrinsic or relative viscosity, no mention being 
made either of any difference in intrinsic or relative 
viscosity between the sheath and the core of the 
filaments. 

Japanese Patent Application No 15784/1983, 
so publication No. 144615/1984. describes a method 
of improving the linear strength and the knot 
strength of thick polyamide monofilaments used for 
fishing lines and fishing nets. When spinning thick 
polyamide monofilaments, which are cooled in a 
55 water bath, there will be great differences in molec- 
ular orientation between the sheath and the core. 
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By using a less viscous polymer for the sheath of 
the polymer a more uniform molecular orientation 
will be obtained and hence a higher tensile 
strength and knot strength! This publication does 
not make any reference to a method according to 
the present invention of spinning a polyester mul- 
tifilament yarn. 

NL 6 502 107 describes a method for spinning 
crimpable filament yarns of polyamide, polyester or 
the like. The molten polymer is divided into two 
part streams, after which one of the part streams is 
given a speed which is 1,5 to 4 times as high as 
that of the other part stream. The part streams are 
re-combined and spun into bicomponent yarn. The 
difference in the flow rate of the spinning mass 
within one and the same spinning orifice will give 
rise to a difference in pre-orientation of the compo- 
nents while the filaments are being drawn off. This 
known process is destined for textile uses, such as 
the manufacture of crimped yarns. 

NL 6 910 882 relates to a process for the 
manufacture of crimped staple fibres of polyamide- 
6. The melt is divided into two part streams, one of 
which is subjected to a vacuum treatment, resulting 
in a change in relative viscosity. The part streams 
are re-combined and spun into a bicomponent 
yarn. This process is destined for textile uses, such 
as the manufacture of crimped staple fibres. 

Mention should also be made of NL 6 512 920, 
which describes a bicomponent tyre yarn of the 
sheath core type, the core and the sheath consist- 
ing of chemically different polymers. The core is of 
polyester and the sheath of nylon. In this known 
process the spinning speed is as low as 300 
m/min. 

DE 1 288 734 describes a process for melt 
spinning a petp filament yarn destined for industrial 
uses, such as reinforcing elastomeric objects. In 
said publication (see column 4, lines 33-64) it is 
proposed that the thread bundle should be sub- 
jected to delayed cooling immediately below the 
spinneret by means of an appropriate heating de- 
vice, such as a hot tube. This publication relates to 
spinning speeds below 500 m/min. 

Reference is also made to DE 1 803 435, NL 6 
807 158, GB 1 157 433 and Japanese Patent 
Application No. 64837/66, publication No. 2504/69, 
which describes methods of manufacturing 
crimped textile yarns from polyester. Per spinning 
orifice polyesters of different relative or intrinsic 
viscosities are spun in accordance with the bicom- 
ponent system. The resulting filaments are of the 
eccentric sheath-core or side-by-side type. 



DE 32 26 346 gives a description of a polyes- 
ter tyre cord and makes mention of the cord prop- 
erties after vulcanization in a tyre. Frqm the text it 
appears that the cord is manufactured from a nor- 

5 mal fast spun polyester yarn spun at a speed 
higher than 2000 m/min. It does not disclose the 
use of a difference in viscosity between the sheath 
and the core. In the manufacture of cord according 
to the process of the present invention the resulting 

w cord properties are in some respects more favoura- 
ble than those obtained in accordance with DE 32 
26 346. 

DE 32 07 826 is directed to protecting a pneu* 
matic tyre of which the carcass is reinforced with 

15 polyester cord. A specification is given of various 
properties of the cord and of the filaments of the 
yam. More particularly, it is required that in the 
polyester filaments the ratio of birefringence of 
sheath and core should be between 1,03:1 and 

20 1,15:1 and should consequently display a dip- 
shaped profile in order that the desired cord prop- 
erties may be obtained. Use being made of a 
higher viscosity in the core than in the sheath, the 
present invention envisages a decrease in the ratio 

25 of birefringence mentioned in DE 32 07 826 to 
below 1 ,03. 

EP 0 056 963 describes a polyester yam for 
which a difference in birefringence between the 
sheath and the core is described in the range of 

30 100 to 800 x 10"*, more particularly 100 to 400 * 
10"*. Use being made of said difference in viscos- 
ity between the sheath and the core of the fila- 
ments, application of the process according to the 
invention results in said difference in birefringence 

35 between the sheath and the core becoming smaller 
than 100 K 10~*. According to the present invention 
it is preferred that the difference in birefringence 
between the sheath and the core in a filament 
should become somewhat negative (the birefrin- 

40 gence across the cross-section of a filament dis- 
playing an inverted dip), which is more favourable 
and leads to better cord properties. EP 0 056 963 
further prescribes that of the yarn the peak tem- 
perature of the tangent of the loss angle should be 

45 between 85° and 110°C, which is desirable in the 
case of fast spun yarns for textile uses. With the 
yarns according to the invention, which are des- 
tined for industrial uses, said peak temperature is 
above 115°C. Moreover, with the yarns according 

so to EP 0 056 963 the maximum of the loss tangent 
must be between 0.115 and 0.135, which is re- 
quired for textile yarns. With the industrial yarns 
according to the invention, the maximum of said 
loss tangent is below 0,100. 

55 
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The invention will be further described with 
reference to the accompanying schematic drawing. 

Fig. 1 shows the melt spinning apparatus. 

Fig. 2 is a view on a larger scale of a 
spinning assembly. 

Fig. 3 is a cross-sectional view of the poly- 
mer stream in one spinning orifice. 

Fig. 4 shows a cord. 

Fig. 5 shows a detail of a pneumatic tyre for 
a vehicle. 

Fig. 6. 7, 8 and 9 are views on a strongly 
enlarged scale of one filament and the 
birefringence across its cross-section. 
Figure 1 is a simplified schematic representa- 
tion of the process of melt spinning the multi- 
filament yarn according to the invention. Through 
an extruder (not shown) the molten polymer is fed 
under high pressure to the heated housing 1 which 
accommodates the spinning assembly 2 consisting 
of several parts and shown on a larger scale in 
Figure 2. The molten polymer is forced through a 
large number of spinning orifices 4 provided in a 
spinneret 3 which is rectangular when viewed from 
underneath. The filaments emerge from the spin- 
neret 3 as a bundle 5. The filament bundle 5 is 
passed through a schematically illustrated blow box 
6. in which the bundle is cooled with air of room 
temperature, which is blown onto the filaments 
transverse to the direction of movement of the 
bundle in the direction indicated by the arrows 7. 
The filament bundle 5 is subsequently brought into 
contact with the finish metering unit 8 in which a 
suitable lubricant is applied to the filaments of the 
bundle in the usual way. Then the multifilament 
bundle arrives at the first of a set of advancing rolls 
9 and 10 for imparting the correct speed to the 
yarn bundle. The circumferential speed of the 
driven roll 9 is determinative of the speed at which 
the filaments are spun and is therefore referred to 
as the spinning speed. After the spun multifilament 
yam has left the roll 10, it is wound into a package 
11. The speed at which the yam is wound will be 
approximately equal to the spinning speed. After 
the yarn has been taken up. it is drawn on a 
separate machine (not shown) at the desired ratio. 
In principle, however, drawing also may be carried 
out on the spinning machine in a continuous spin- 
drawing process. In the event of the spindrawing 



process known per se being applied a drawing 
device (not shown) consisting of one or more 
driven rolls is to be provided between the first 
driven roll 9 and the winding bobbin. 

5 The spinning assembly 2 shown in Figure 2 

substantially consists of an upper block 12, an 
intermediate plate 13 and a spinneret plate 3. In 
the space between the intermediate plate 13 and 
the spinneret plate 3 are partitions 14 and 15. The 

to various parts 12, 13, 3, 14 and 15 are held together 
by clamping walls 16 provided with lower and 
upper grooves 17 and 18 for making an interlock- 
ing dovetail joint with corresponding grooves of the 
spinneret plate 3 and the upper block 12. In opera- 

75 tion of the spinning assembly its various parts are 
tightly clamped and held together by the high 
pressure of. say, 200 bar, exerted by the molten 
polymer. The assembly is properly sealed with 
packing material. Filtration of the polymer in the 

20 spinning assembly is through a parallel filter 19. 
The parallel filter 19 substantially consists of a 
stack of alternating course mesh supporting gauzes 
20 indicated by sinuous lines and filter gauze 
packs 21. The supporting gauzes are sealed al- 

25 ternately on their outer circumference and on their 
inner circumference. The construction and the op- 
eration of the parallel filter are known in themselves 
and described in greater detail in US 4 361 489. 
To the upper block 12 of the spinning assem- 

30 bly 2 there is fed one single molten polymer, for 
instance: polyethylene terephthaiate, to the inlet 
channel 23 in the direction indicated by the arrow 
22. The polymer then flows to the upper plate 24 
which covers the upper side of the parallel filter 19 

35 and, via constrictions, exerts the desired axial pres- 
sure on the parallel filter. The polymer subse- 
quently flows downwards through the space be- 
tween the outer circumference of the filter and the 
upper block 12 and simultaneously in horizontal 

40 direction through the supporting gauzes 20 and 
then through the filter gauze packs 21 , as indicated 
by arrows. 

In view of the special method according to the 
invention the parallel filter 19 is divided into two 

45 parts 26 and 27. The polymer, referred to by the 
letter S, which is filtered through the upper part 26 
of the parallel filter is in the way indicated by 
arrows fed via the central channel 28 to the space 
29 between the upper partition 14 and the lower 

50 partition 15. Via the constrictions 30 the polymer S 
flows over the upper side of the partition 15 into 
the channels 31 which are positioned in a direct 
line with the spinning orifices 4 in the spinneret 
plate 3. The polymer, referred to by the letter C, 

55 which is filtered through the lower part 27 of the 
parallel filter passes downwards through the chan- 
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. nels 32 and 33 as indicated by arrows and in such 
a way that the polymer streams C flow exactly into 
the centre of the channels 31. Thus the polymer 
streams S and C flow into the channels 31 in a 
concentrical sheath (S) -core (C) arrangement. Via 
the auxiliary gauze 34 the concentrical polymer 
streams of the channels 31 pass to the widened 
inlet channels 35 of the spinning orifices 4 which 
end in the lower side of the spinneret plate, after 
which the polymer streams are forced outwards in 
the form of threads 36. After the filaments 36 have 
been cooled, they form the filament yarn bundle 5. 
Since according to the invention the core polymer 
C, which is filtered through the lower part 27 of the 
parallel filter, has a shorter residence time than the 
sheath polymer S, which is filtered through the 
upper part 26 of the parallel filter, the polymer 
stream C upon reaching the spinning orifices 4 will 
have a higher relative viscosity than the polymer 
stream S. As a result, in each spinning orifice 4 
there will form a polymer stream of one and the 
same polymer, more particularly of polyethylene 
terephthalate, which displays two concentrical 
zones, viz. a sheath (S) zone and a core (C) zone, 
the relative viscosity of the core zone being higher 
than that of the sheath zone. A cross-sectional view 
of the polymer stream at the location of the spin- 
ning orifices 4 is given in Figure 3, the boundary 
between the core zone C with higher relative vis- 
cosity and the sheath zone S with lower relative 
viscosity being indicated by a broken line. 

It should be added that the difference in rela- 
tive viscosity between the polymer streams in the 
sheath and in the core can in principle be mea- 
sured in a simple manner by spinning two fila- 
ments, of which the one filament is entirely formed 
of the polymer stream S and the other filament is 
entirely formed of the polymer stream C. This may 
be realized by closing a channel 33 in one place 
and one constriction 30 around another channel in 
some other place. Subsequently, of each the two 
filaments, i.e. of the one from the sheath polymer 
stream S and of the one from the core polymer 
stream C, the relative viscosity can be separately 
determined. 

Figure 4 is a perspective view on a very much 
enlarged scale of a cord 37 made from two or 
more multifilament yams according to the inven- 
tion. In the case of a cord of two multifilament 
yarns these yarns each have a high Z-twist of a 



few hundred turns per metre. The cord is made 
from these yarns by twisting the two Z-twisted 
yarns together to the same degree but in opposite 
(S) direction, A common type of cord is the cord 

s referred to as dtex 1100 (Z 393) * 2 (S 393). This 
type of cord is formed from two multifilament yarns 
which each have a linear density of decitex 1100 
and a Z-twist of 393 turns per metre. The two Z- 
twisted yarns are twisted together in S direction 

io into a cord having 393 turns per metre. 

In an adapted construction or in the form of a 
fabric the cord 37 may be used for reinforcing 
elastomeric objects, such as the vehicle tyre 37, of 
which a detail is shown in Figure 5. The cords may 

is be incorporated into the carcass, which in this case 
consists of one layer 39, and/or into one s>i the two 
belt strips 40 and 41 underneath the tread 42 of 
the tyre 38. 

The afore-mentioned birefringence across the 

20 cross-section of a filament is measured with an 
Interphako interference microscope. The measure- 
ment of the birefringence, which is a measure of 
the molecular orientation, is conducted in the man- 
ner described in "Handbuch der Mikroskopie, 

25 Beyer, VEB Verlag Technik, Berlin, 1973". 

The properties referred to in the description 
and the claims, such as linear density, tenacity, 
breaking strength of yarn and cord, the 5%-LASE - 
(Load at specified elongation) and the specific 5%- 

30 LASE of yarn and cord, the elongation at rupture of 
yarn and cord, and the hot air shrinkages at 160° C 
and 180°C of yarn and cord, respectively, were 
determined in accordance with ASTM D 885 M- 
1979. In deviation from these test instructions the 

35 hot air shrinkage was measured at 180°C at a 
pretension of 1 N/tex. The Mallory Tube Fatigue 
value was determined in accordance with ASTM D 
855-1967. In this Mallory Tube Fatigue test the 
average running time to rupture was measured 

40 both of the test specimens of yarns according to 
the invention (see Tables 1 and 2, Example 1, 
Experiments B. C and D and Example 2, Experi- 
ments F, G and H) and of the commercially avail- 
able polyester yarn Diolen 2000 (see Table 1. 

45 Experiment A) and Diolen 2200 T (see Table 2, 
Experiment E). With the measured running time to 
rupture of the standard Diolen 2000 sample being 
Xo and the measured running time to rup ture of a 
yarn according to the invention being x n , the result 

50 of the formula 
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is taken for the Maliory Tube Fatigue value. 

The term modulus as used in the description 
refers to the 5%-LASE corrected for the total linear 
density of the yarn or cord expressed in mN/tex. 
This corrected 5%-LASE is referred to as the spe- 
cific 5%-LASE. 

By the term relative viscosity of polyester used 
in the present description and claims, also referred 
to as viscosity ratio or solution viscosity and in- 
dicated by ijrei, is to be understood the relative 
viscosity determined on the spun product. By spun 
product is to be understood the freshly extruded, 
undrawn and totally non-treated filaments which 



moreover are free of finish. Of that spun product 
the relative viscosity is measured in accordance 
wiin the following procedure: 1 gramme of spun 
product is dissolved, with stirring, in 100 grammes 

5 of meta-cresol (purity higher than 99.5%) at 125°C 
over a period of not more thant 40 minutes. Of the 
resulting solution the viscosity, i.e. the flow time t, 
in seconds, is measured at 25 °C in an Ubbelohde 
viscosimeter with a capillary having an iniernai 

w diameter of 1 ,25 mm, and compared with the flow 
time to in seconds of the pure solvent measured in 
the same meter. The relative viscosity can be 
calculated then with the formula 



T5 

tl 

^rel - — * 

to 



If the spun product is so crystalline that it does 
not dissolve in meta-cresol after 40 minutes at 
125°C. the solvent used will be a mixture (referred 
to as TCFF) of 2.4,6-trichlorophenol and phenol in 
the mass ratio of about 7:10 and with a density 
6 * 1.236 i 0.001. Further, the TCFF 

viscosity is determined in the same way as de- 
scribed hereinbefore. The TCFF viscosity thus ob- 
tained is to be converted into the relative viscosity 
measured in meta-cresol using the formula n«i = 
0,808» x + 0.189. wherein x is the measured TCFF 
viscosity. 

The standard deviation of the 7> fe i measurement 
in meta-cresol is 0.002. 

The standard deviation of the nrei obtained with 
the TCFF mixture as solvent is 0,004. 

For demonstrating very small differences in 
relative viscosity the standard deviation may op- 
tionally be reduced by conducting several mea- 
surements and calculating 7j,ei as the average of 
these measurements. 

The invention will be further described in the 
following example. 

Example 1 

Polyethylene terephthalate is spun on a ma- 
chine for producing bicomponent yarns, use being 
made of two extruders which are each fed with the 
same type of granules of the same relative viscos- 
ity Ohei = 2.05 measured on the granules). 

The freshly spun filaments pass through an 
isolation zone before being cooled by blowing air 
of a temperature equal to the ambient temperature. 
Subsequently, the yarns are passed over two 
godets and thereupon taken up. Further spinning 



data are given in Table 1. According to the inven- 
tion (see Experiments B. C, D) the yarns are as- 
sembled twofold and subsequently subjected to a 
two-step drawing operation. The first drawing step 
is on 7 pins 21 cm in diameter and of a tempera- 
ture of 80 °C. Then the yarns are subjected to a 
second drawing step in a steam drawing frame 10 
m long at a steam temperature of 256 °C and 
subsequently taken up at a speed of 226 m/min. 
Further data on the drawing process and the prop- 
erties of the drawn yarns in the Experiments A, B, 
C and D are given in Table 1. The drawn yarns are 
twisted and formed into a tyre cord of the dtex 
1100 (Z 393) * 2 (S 393) construction. To improve 
the adhesion to elastomeric material the greige 
cords are subjected to a two-step dipping treat- 
ment- The properties of the dipped cord are men- 
tioned in Table 1. The two-step dipping treatment 
of the cord according to the invention is carried out 
using the following procedure known per se. In a 
continuous process the cord of the dtex 1100 (Z 
393) * 2 ,(S 393) type is passed through a first 
bath in which it is pre-dipped and then through a 
second in which it is provided with a main dip. 
Between the first and the second bath the cord is 
dried for 60 seconds at a temperature of 240° C 
and under a tension of 10 N. After the main dip has 
been applied, the cord after It has left the second 
bath is dried again for 120 seconds at 220°C and 
under a tension of 4,5 N. 

The first dip bath of a temperature of about 20 °C 
for applying the pre-dip (type D 417) has a solids 
content of 5% by weight and the composition of 
the first dip bath is as follows: 
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O 



deminerali2ed water 



876,4 parts by weight 



o 



gum tragacanth (2% by weight 
solution in water) 



20,0 parts by weight 



o 



4,4' -diphenylmethane diisocyanate 



90,0 parts by weight 



blocked with phenol (40% by weight 
dispersion in water) 
( commercially available from the 

firm of Uniroyal Chemical under 

the designation LVBI ) 

o diglycidyl ether of glycerol 13,6 parts by weight 

(commercially available from the 
firm of Nagase under the 

designation NER-010A ) 



The amount of pre-dip present on the com- 30 Resin group 
pleted, two-step dipped cord after dipping is 0,5- 
1% by weight 

The second dip bath (temperature also about 
20 °C) for applying the main dip (type RFL-D5 A) 
has a solids content of 20% by weight and the 35 
composition of the second dip bath is as follows: 



1000,0 parts by weight 
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Resin group 



o precondensated resorcinol 
formaldehyde reain (7 5% by 
weight solution in water) 

o sodium hydroxide (i>$ by weight 
solution in water) 

o formalin (37% by weight solution 
in water) 



28,6 parts by weight 



20,8 parts by weight 



o demineralized water 



370,0 parts by weight 



Latex group 

o vinyl-pyridine latex (40% by 
weight dispersion in water) 
(commercially available from 
the firms of General Tire 
and Goodyear under the 
designation Gentac VP-latex) 

o ammonium hydroxide (25% by 
weight solution in water) 

o demineralized water 



The amount of main dip present on the com- 
pleted, two-step dipped cord after it has been 
dipped is 3-4% by weight. As to Experiment A the 
spinning and drawing conditions and the properties 
are given for a yarn conventionally (mono) spun at 
low .speed, i.e. without any difference in relative 
viscosity between the sheath and the core of the 
filaments. 

The experiments B. C and D were carried out in 
accordance with the invention, i.e. the sheath and 
the core having different relative viscosities, at 
spinning speeds of 500. 2000 and 4000 m/min, 
respectively. 



45 



50 



415,4 parts by weight 



25,0 parts by weight 



128,2 parts by we ignt 

1000,0 parts by weight 

In the experiments B, C and D the relative 
viscosity of the core polymer, measured on the 
spun product, was 0,010 to 0,030 higher than that 
of the sheath polymer). In the experiments B and C 
the relative viscosity mentioned in Table 1 is the 
average viscosity of the sheath polymer and the 
core polymer in the filaments, also measured on 
the spun product. 

The most striking are the dipped cord properties of 
Experiment D. According to the invention a dipped 
cord is obtained here having a strength equal to 
that obtained at low speeds, an improved modulus 



55 
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or specific 5%-LASE combined with a far lower 
shrinkage (i.e. excellent modulus/shrinkage ratio) 
and also an improved fatigue resistance (Mallory 
Tube Fatigue). 

s 
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IdUlC X 










4 

A. 


B 


C 


D 


Polymer temperature ( W C) 


300 


300/300 


300/300 


300/300 


( core/ sheath) 














75/25 


75/25 


75/25 












Throughput per orifice (gr/min) 




1,64 


3,28 


4,17 


Number of spinning orifices 


192 


104 


104 


104 


Distance between spinneret and 




57 


57 


57 


first blowing point (cm) 


S7 


Blow air speed (cm/ sec) 






50 


50 


Spinning speed < m/min ) 


500 


500 


2000 


4000 


Mean rel. viscosity (spun product) 


1,880 


1,833 


1,865 




Bxref rxngence x lCr 




1 7 


183 


680 


Drawing 










Drawing temperature (°C) 


235 


256 


256 


256 


Draw ratio 




6,0 


3 3 


2 ,05 


Yarn properties 










Linear density (dtex) 


1 i fin 


1 


1 1 1 2 


1172 


Number of filaments 


1 




^- \JO 


208 


Tenacity im^/texj 


8 30 


781 


765 


758 


Elongation at rupture ( >'o ) 


10,7 


11.3 


10,6 


O Q 
O , O 


Spec. LASE-5* (mN/tex) 


345 


405 


381 


405 


Hot air shrinkage 






3*4 




4 mm . at 160 C 1 ) 


c. 7 


4 8 


2 . 7 


Dipped cord properties 










Tenacity (m.N/nex; 


=S ' ) c . 

j j -f 


564 


387 




Elongation at rupture ( -) 


13.2 


14,2 


13,0 




Spec. LASE-o < mN/tex) 


221 


203 


221 . 




Hot air shrinkage 








- 


4 min. at 180~C 1 - ' 




=; / \ 
0 , V 




Modulus/shrinkage rat io 




**U , 0 


•I. 7 n 




Mallory Tube Fatigue test 










Relative running t ime 


100 


243 


lit 




Tube temperature < ) 




82 


86 
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Example 2 

Polyethylene terephthalate is spun on a ma- 
chine for producing bicomponent yarns and subse- 
quently drawn under the conditions mentioned in 
Example 1 . In the Experiments F, G and H accord- 
ing to the invention, however, the volume ratio 
core/sheath is 60/40. All the other spinning, draw- 
ing and cord treatment conditions are identical with 
those of Example 1. Experiment E is not in accor- 
dance with the invention and therefore no differ- 
ence in viscosity between the sheath and the core 
is applied. In the Experiments F, G and H in 
accordance with the invention the relative viscosity 



in the spinning orifices of the polymer in the core, 
measured on the spun product, was 0,010 to 0,030 
higher than that of the polymer in the sheath. In the 
Experiments F, G ctad H the relative viscosity men- 
5 tioned in Table 2 is the average viscosity of the 
sheath polymer and the core polymer in the fila- 
ments, also measured on the spun product. 

* The most striking are the favourable properties 
to obtained in experiment H; namely in spite of the 
high spinning speed (4000 m/min) the product ob- 
tained displays a low loss of cord strength in com- 
bination with a high spec. LASE-5% (246 mNAex), 
very low shrinkage (2,3%) and an excellent Mallory 
15 Tube Fatigue value (185). 
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Spinning E 

Polymer temperature ( W C) 300 
( core/ sheath) 

Volume ratio ( core/ sheath) - 

Throughput per orifice (gr/min) 1,72 

Number of spinning orifices 192 

Distance between spinneret and 

first blowing point (cm) 57 

Blow air speed (cm/ sec) 40 

Spinning speed (m/min) 500 

Mean rel . viscosity (spun product) 1,88 

Birefringence x 10 H 15 



F 

300/300 

60/40 
1,41 
109 

57 
50 
500 
1,87 

22 



G 

300/300 

60/40 
3,06 
109 

57 
50 
2000 
1.91 
187 



Ii 

300/300 

60/40 
3,74 
109 

57 
50 
4000 

1.91 
721 



Drawing 

Drawing temperature ( W C) 
Draw ratio 



230 
6,0 



256 
6,0 



256 
3,16 



256 
2,00 



Yarn properties 

Linear density (dtex) 

Number of filaments 

Tenacity (mN7tex) 

Elongation at rupture (*o) 

Spec. LASE-5% (mN/tex) 

Hot air shrinkage 
4 min. at 160~C 



1100 
192 
831 

11.9 
318 

5,3 



1067 
218 
799 
9,9 
403 



1131 
218 
777 
9,8 
389 

3,6 



1100 
218 
734 
8,5 
4 3fc, 

2,8 



Dipped cord propertie s 

Tenacity < mN/tex > 

Elongation at rupture 1 ) 

Spec. LASE-? imN/tex) 

Hot air shrinkage 

4 min. at liiO'C ( - > 

Modulus/ shrinkage racio 

Mallory Tube Fatigue rest 

Relative running time 

Tube temperature * > 



624 
12,8 
2 36 

4,9 
48 ,2 

iOU 
1 14 



596 
11,8 
2 32 



52,7 



562 
11,6 
220 



68,8 
* 



12. J 



1 ■ < * ,i- 



* not measured 
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Claims 



1 . A process for the manufacture of a substantially 
polyester multifilament yam of the type which is 
destined for industrial uses and has a tenacity of at 
least 500 mN/tex, which process comprises the 
successive steps of extruding a stream of molten 
polymer through a large number of spinning 
orifices, cooling the spun filament bundle, option- 
ally drawing the filaments and finally collecting 
them, use being made of a spinning speed higher 
than 450 m/min, the relative viscosity of the poly- 
mer stream in the core zone in each of the spin- 
ning orifices being higher than in the sheath zone 
surrounding said core zone, characterized in that 
the difference in relative viscosity between the core 
zone and the sheath zone is less than 0,100. 

2. A process according to claim 1 , characterized in 
that the difference in relative viscosity between the 
core zone and the sheath zone is 0,080 to 0,003, 
preferably between 0,040 and 0,003. 

3. A process according to claim 1 . characterized in 
that the polyester used is polyethylene tereph- 
thalate having an average relative viscosity of 1 .700 
to 2,400, preferably about 1 ,900. 

4. A process according to claim 1, characterized in 
that the polyester material used in the core zone 
and in the sheath zone is substantially built up of 
the same structural units. 

5. A process according to claim 1, characterized in 
that the spinning speed is 1600 to 6000 m/min, 
preferably about 4000 m/min. 

6. A process according to claim 1 , characterized in 
that the spinning speed is less than 1600 m/min, 
preferably about 1000 m/min. 

7. A process according to claim 1 , characterized in 
that in each spinning orifice the core zone and the 
sheath zone in the polymer stream extend over a 
particular radial distance and are concentricai. 

8. A process according to claim 1, characterized in 
that in each spinning orifice the core zone in the 
polymer stream extends radially outwards from the 
centre of the polymer stream and the sheath zone 
extends radially inwards from the outer circum- 
ference of the polymer stream. 

9. A process according to claim 1, characterized in 



that in each spinning orifice the relative viscosity of 
the polymer decreases in one or more steps from 
the centre of the polymer stream towards its outer 
circumference. 

5 

10. A process according to claim 1, in which use is 
made of a stream of molten polymer of one par- 
ticular relative viscosity, characterized in that said 
polymer stream is divided into two or more part- 

w streams which are subjected to such different treat- 
ments, for instance as far as heating and/or resi- 
dence time are concerned, as will result in a dif- 
ference in relative viscosity between said part- 
streams. 

75 

1 1 . A process according to claim 1 , in which use is 
made of a stream of molten polymer of one and 
the same particular relative viscosity, characterized 
in that said polymer stream is divided into two or 

20 more part-streams and at least one part-stream is 
provided with some additive, such as polyglycol, as 
a result of which there will be a difference in 
relative viscosity between the one part-stream and 
the other polymer stream. 

25 

12. A process according to claim 1, characterized 
in that the difference in relative viscosity in the 
polymer stream in each of the spinning orifices is 
brought about by joining two or more polymer 

30 streams of different relative viscosities, which poly- 
mer streams are each fed to the spinning assembly 
through a separate extruder. 

13. A process according to claim 1, characterized 
35 in that said difference in relative viscosity is 

brought about in the heated spinning assembly. 

14. A process according to claim 13, characterized 
in that of the polymer flowing through the spinning 

40 assembly the residence time and/or the tempera- 
ture of the one part of the polymer stream which is 
to form the core zone with higher relative viscosity 
differs from the residence time and/or the tempera- 
ture of the other part of the polymer stream which 

45 is to form the sheath zone with lower relative 
viscosity. 

15. A process according to claim 1, characterized 
in that the spinning process is carried out with the 

so aid of a spinning assembly which is at least partly 
of the type for spinning multifilament bicomponent 
yarns of the sheath-core type, part of the polymer 
stream of a higher relative viscosity being fed to 
the centre of each spinning orifice through the 

55 channels for forming a filament core and part of the 
polymer stream of a lower relative viscosity being 
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fed through the channels for forming a filament 
sheath. 

16. A process according to one or more of the 
preceding claims, characterized in that in each of 
the spinning orifices the polymer mass for forming 
the core zone of higher relative viscosity forms 50 
to 90 per cent by volume, preferably about 75 per 
cent by volume and the polymer mass for forming 
the sheath zone of lower relative viscosity forms 50 
to 10 per cent by volume, preferably about 25 per 
cent by volume. 

17. A process according to claim 1, characterized 
in that before being drawn, the yam is treated with 
an agent, such as epoxy groups-containing com- 
pounds or blocked isocyanate groups-and hydroxyl 
groups-containing compounds, for furthering the 
adhesion to elastomeric materials. 

18. A process according to claim 1. characterized 
in that in the drawn yarn the carboxyl endgroups 
content is lower than 18 milliequivatents per kg of 
yarn, preferably 3 to 8 milliequivalents per kg. 

19. A yam manufactured by the process of one or 
more of the claims 1-18. characterized in that the 
completed, drawn multifilament yam composed of 
at least 15 filaments, preferably 15-1000 filaments, 
having a linear density of at least decitex 70, pref- 
erably decitex 300 to 2500. has the following prop- 
erties: 

-tenacity 500 to 1000 mN/tex; 

-specific 5%-LASE 150 to 600 mN/tex; 

-hot air shrinkage 0.5 to 8%. measured at 160°C: 

-average relative viscosity of the filaments 1700- 
2200. preferably about 1900; 

-elongation at rupture 5 to 20%, particularly 7-17%. 

20. A yam according to claim 19, characterized in 
that 

-the tenacity is higher than 770 mN/tex; 

-the specific 5%-LASE is higher than 375 mN/tex; 
and 

-the hot air shrinkage measured at 160°C is less 
than 5.0%. 

21. A yam according to claim 19, characterized in 



that 

-the tenacity is higher than 735 mN/tex; 

5 -the specific 5%-LASE is higher than 375 mN/tex; 
and 

-the hot air shrinkage measured at 160°C is less 
than 3,7%. 

w 

22. A yarn according to claim 19, characterized in 
that 

-the tenacity is higher than 700 mN/tex; 

15 

-the specific 5%-LASE is higher than 400 mN/tex; 
and 

-the hot air shrinkage measured at 160°C is less 
20 than 3,0%. 

23. A cord formed of two or more twisted filament 
yarns, characterized in that the cord is built up of 
multifilament yarns according to claim 19. 20, 21 or 

25 22. 

24. A cord according to claim 23, substantially 
consisting of polyester, more particularly polyethyl- 
ene terephthalate. of the type used for reinforcing 

30 elastomeric and other objects, such as pneumatic 
tyres for vehicles, transmission belts, hoses, con- 
veyor belts and the like, characterized in that after 
the treatment of the cord with a dip to improve the 
adhesion to elastomeric material by said two-step 

35 dipping treatment and with a cord of said dtex 
1100 (Z 393) * 2 (S 393) type: 

-the tenacity of the cord is in the range of 450 to 
850 mN/tex; 

40 

-the specific 5%-LASE of the cord is in the range 
of 150 to 500 mN/tex; 

-the hot air shrinkage measured at 180°C is in the 
45 range of 0.5 to 6.0%; 

-the Mallory Tube Fatigue value is in the range of 
115 to 1000. 

so -the elongation at rupture is 8 to 25%, particularly 
10 to 20%. 

25. A cord according to claim 24. characterized in 
that 

55 

-the tenacity of the cord is higher than 560 mN/tex; 
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-the specific 5%-LASE of the cord is higher than 
200 mN/tex; 

-the hot air shrinkage measured at 180°C is less 
than 5,2%; and 

-the Mallory Tube Fatigue value is higher than 200. 

26. A cord according to claim 24, characterized in 
that 

-the tenacity of the cord is higher than 560 mN/tex; 

-the specific 5%-LASE of the cord is higher than 
215 mN/tex; 

-the hot air shrinkage measured at 180°C is less 
than 3,4%; and 

-the Mallory Tube Fatigue value is higher than 115. 

27. A cord according to claim 24, characterized in 
that 

-the tenacity of the cord is higher than 580 mN/tex; 
-the specific 5%-LASE of the cord is higher than 



230 mN/tex; 

-the hot air shrinkage measured at 180°C is less 
than 2,6%; and 

s 

-the Mallory Tube Fatigue value is higher than 1 50. 

28. A shaped elastomeric object, such as a pneu- 
matic tyre for a vehicle, characterized in that the 

10 object is reinforced with cords according to any 
one of the claims 20-27. 

29. Pneumatic tyre of the radial ply type for a 
vehicle, more particularly a passenger car, char- 

75 acterized in that the tyre contains a single carcass 
layer which is substantially formed of the cord 
according to any one of the claims 24-27. 

30. A sewing yarn composed of one or more yarns 
20 according to any one of the claim 19-22. 

31. A seat belt composed of the yarn according to 
any one of the claims 19-22. 

25 32. A tow composed of the cord according to claim 
23. 
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